Dominant white phenotype in pigs is considered to be caused by two structural 25 mutations in KIT gene, including a 450-kb duplication encompassing the entire KIT 26 gene, and a splice mutation (G > A) at the first base in intron 17, which leads to the 27 deletion of exon 17 in mature KIT mRNA, and the production of KIT protein lacking a 28 critical catalytic domain of kinase. However, this speculation has not yet been validated 29 by functional studies. Here, by using CRISPR/Cas9 technology, we created two mouse 30 models mimicing the structural mutations of KIT gene in dominant white pigs, 31 including the splice mutation mouse model KIT D17/+ with exon 17 of one allele of KIT 32 gene deleted, and duplication mutation mouse model KIT Dup/+ with one allele of KIT 33 gene coding sequence (CDS) duplicated. We found that each mutation individually can 34 not cause dominant white phenotype. Splice mutation homozygote is lethal and 35 heterozygous mice present piebald coat. Inconsistent with previous speculation, we 36 found KIT gene duplication mutation did not confer the patched phenotype, and had no 37 obvious impact on coat color. Interestingly, combination of these two mutations lead to 38 dominant white phenotype. Further molecular analysis revealed that combination of 39 these two structural mutations could inhibit the kinase activity of the KIT protein, thus 40 reduce the phosphorylation level of PI3K and MAPK pathway associated proteins, 41 which may be related to the observed impaired migration of melanoblasts during 42 embryonic development, and eventually lead to dominant white phenotype. Our study 43 provides a further insight into the underlying genetic mechanisms of porcine dominant 44 white coat colour.
Therefore, in order to create a mouse model mimicking the skipping of exon 17, 140 we have directly deleted the exon 17 in genomic by using paired sgRNA with one target 141 the intron 16 and another one targets the intron 17 ( Fig. 1B) . The heterologous of this 142 splice mutation mouse model was denoted as KIT D17/+ . An extensive screening of the 143 offspring implies that homologous of splice mutation of KIT gene could be lethal, as no 144 survived individual of KIT D17/D17 has been identified. In addition, IVF experiment by 145 fertilization oocytes from KIT D17/+ females with sperm from KIT D17/+ males resulted 146 in no survived individual of KIT D17/D17 can be obtained (S1 Table) . This confirms the 147 previous speculation that I L allele (single copy of KIT gene with the splice mutation) 148 could be lethal in pigs, as this allele was not found among worldwide pig population 149 [6]. RT-PCR analysis of the skin tissue from KIT D17/+ mice indicates that exon 17 is 150 removed from the mature transcript (Fig. 1E ), and this was confirmed by Sanger The piebald coat colour of KIT D17/+ mice is caused by the reduction of melanocytes. 211 The reduction of melanin content in hair follicles may be due to reduced 212 melanocytes, or reduced ability of melanocytes on melanin synthesis. To determine the 213 piebald coat of KIT D17/+ mice is caused by which factor, we used KIT protein as the 214 marker to detect the distribution and amounts of melanocytes in the hair follicle of 5- Interestingly, we observed that the distribution of melanocytes in hair bulb is 241 broader in KIT D17/+ mice as compared with the KIT +/+ control mice. This phenomenon 242 was more obvious in white coat area than in the black coat area (Fig. 3A ). In addition, However, to our surprise, further IHC analysis of the hair follicle showed that 383 phosphorylation of AKT and ERK1/2 in KIT Dup/D17 seems not affected by the compound 384 mutations as determined by CPS (Fig. 5F) . This may imply a complex interaction 385 between the splice mutation and duplication mutation of the KIT gene. In our study, we created mice models by using CRISPR/Cas9 technology to mimic 420 the structural mutations of KIT gene in dominant white pigs. We used KIT D17/+ mice 421 model to research the effect of coat colour on KIT exon 17 deletion and explored the 422 impact mechanism of KIT duplication on coat colour by KIT Dup/+ mice model. We to the splice mutation. Therefore, at first, we expected that the KIT duplication could 509 restore the splice mutation in KIT Dup/D17 mice. However, combination of these two 510 mutations lead to more severely impaired signaling on PI3K and MAPK pathways 511 ( Fig.5E & 5F) , melanblast migration (Fig. 5H ), melanocyte number reduction and 512 melanin accumulation ( Fig.5 H) , resulting in nearly completely white coat colour ( Fig.   513 5B). Thus the KIT duplication mutation does not seems to play a rescue role to the 514 splice mutation. The underlying mechanism of the interaction between these two 515 mutations could be very complicated. As the activation of intrinsic kinase activity of 516 KIT receptor dependents on the binding of SCF ligand to form homodimer. Thus we 517 speculated that improved expression of normal form of KIT protein in KIT Dup/D17 mice 518 may increase the chance of formation of KIT/KIT D17 dimer upon the binding of SCF 519 as compared with that in KIT D17/+ mice. Given that the amount of SCF ligand is limited, 520 more KIT/KIT D17 dimer presented on the cell surface of melanoblast may significantly 521 reduce the activation of subsequent PI3K and MAPK signaling pathways, resulting in 522 more severely impaired melanoblast migration, and a more pronounced phenotype 523 change in coat colour (Fig. 6 ).
525
Through observation of the light and electron micrograph of a section of skin, a 526 previous concluded that melanocytes and their precursors were absent in the hair bulb 527 of the dominant white (I) pigs, and the dominant white color in the pig is due to a defect 528 in the development of melanocytes [20] . However, we found that the combination of 529 KIT duplication mutation and splice mutation did not completely block the melanoblast 530 migration (Fig. 5H ), and few melanocytes or their precursors can be detected in the skin 531 hair follicles of KIT Dup/D17 mice through immunostaining of marker protein of 532 melanocytes (Fig. 5C ). This was confirmed by q-PCR and Western blot analysis of 533 additional melanocytes marker proteins in the skin of KIT Dup/D17 mice (Fig. 5D) . In 
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